A complex containing polyoma (py) DNA and protein (py complex) was isolated from polyomainfected mouse-cell cultures. The The small size of the polyoma virus genome (about 3 X 106 daltons) makes it an ideal prototype for studies on the mechanism of viral-induced tumorigenesis. Elucidation of the function of each of the proteins coded by the virus would be a great stride toward an understanding of the molecular basis of cancer (1-3). However, the problem becomes more complex when we consider the fact that polyoma infection stimulates cells to synthesize various enzymes and basic proteins that were repressed prior to infection (4-7). These proteins, as well as those coded by the virus, may play a role in the type of response of the cell to infection; i.e., in determining whether the cell is killed or becomes transformed.
The small size of the polyoma virus genome (about 3 X 106 daltons) makes it an ideal prototype for studies on the mechanism of viral-induced tumorigenesis. Elucidation of the function of each of the proteins coded by the virus would be a great stride toward an understanding of the molecular basis of cancer (1) (2) (3) . However, the problem becomes more complex when we consider the fact that polyoma infection stimulates cells to synthesize various enzymes and basic proteins that were repressed prior to infection (4) (5) (6) (7) . These proteins, as well as those coded by the virus, may play a role in the type of response of the cell to infection; i.e., in determining whether the cell is killed or becomes transformed.
In an effort to gain information regarding the mechanism of polyoma replication and development, we have taken the approach of isolating those proteins that remain associated with the viral DNA upon extraction from infected mouse-cell cultures. A modified Hirt procedure (8) , employing a neutral detergent (Triton X-100) and low salt concentration, is used to separate a polyoma nucleoprotein complex from cellular DNA. The method is quite similar to our method for the isolation of XDNA-RNA polymerase complex from Escherichia coli (9) .
MATERIALS AND METHODS Infection of cell cultures
Large-plaque polyoma (py) virus stocks were prepared by infection of secondary mouse embryo (ME) or mouse kidney cells growing in tissue culture (10 ,1 1). Non-purified virus was used for most of the experiments. ME, 3T3 Balb/C, or Ts-a-3T3 cells were used as hosts for polyoma virus. They were grown as monolayers in 100-mm plastic tissue-culture plates in Dulbecco's modification of Eagle's medium containing 10% calf serum, except for the 3T3 Balb/C cells, which were grown with 20% calf serum. Plates were seeded such that confluence was reached within 30 hr after seeding.
Cells were infected soon after confluence by adding 0.4 ml of virus [10 plaque-forming units (PFU) per cell] to the cell cultures drained free of medium. After incubation (1 hr) at 37°C for adsorption, the cultures were covered with 5 ml of fresh growth medium that contained 1% horse serum. DNA was labeled with [3H]thymidine (5 (12) . (SDS, 1.0 M NaCL) and by our method (Triton, 0.2 M NaCi) is illustrated in Fig. 1 Essentially identical results were obtained with polyomainfected 3T3 Balb/C cells, and by the nuclear extraction method on ME cells (see Methods
Similar results were also obtained with temperature-induced Ts-a-3T3 cells, except that the py DNA sedimented somewhat more heterogeneously. In this case, polyoma DNA replication was brought about by lowering the temperature of the cultures from 38.50C to 31'C (13). The particular line of cells used for this experiment has been shown to produce monomeric and "1.6-mer" forms of polyoma DNA at 31°C (M. Vogt, personal communication). When isolated by the Triton extraction method, the 3H-labeled material from induced cells (48 hr at 31°C) sedimented more rapidly than that obtained from cells extracted with SDS (Fig. 2) . The fastest sedimenting DNA in the SDS-extracted sample (peak fraction: 13) is cellular DNA produced by shearing during the extraction (8). The peak of free py DNA (20 S) is at fraction 20 (determined by a marker in a separate tube during the same run). There was no indication of labeled py DNA or rapidly sedimenting cellular DNA in the gradient from the sample obtained from uninduced cells maintained at 38.5°C. The nature of the 3H-labeled, fast-sedimenting material (py complex) obtained by Triton extraction of py-infected ME, and from induced Ts-a-3T3 cells, was examined by sedimentation in alkaline sucrose gradients (Fig. 3) . Profiles characteristic of py DNA were obtained in both cases, with over 75% of the [3H]DNA sedimenting as the closed-circular form, 53 S for the monomer and 68 S for the "1.6-mer" (14) . (B) As above, except chased after the 5-min pulse with cold Thd (100 pg/ml) and dCyd (10 sg/ml) (15) for 30 min. H (-); 14C (X-X).
The following experiments provide preliminary evidence that the II* form of py DNA can also be isolated as a rapidly sedimenting DNA-protein complex. In these experiments, the nuclear extraction procedure (see Methods) was used. As shown in Fig. 5 (16) have shown that mild alkaline degradation of the virus particle results in the formation of a nucleoprotein complex containing one of the three proteins found in virions. The SV40 complex sediments at 46 S and has a molecular weight of about 3.7 X 106. The protein in the SV40 complex must therefore confer a relatively compact structure to the viral DNA, since a 25% increase in mass causes a 230% increase in the sedimentation coefficient.
Since the py complex is as sensitive as py DNA to hydrolysis by DNase (Green, unpublished), it seems likely that the high rate of sedimentation (about 55 S) is due to the DNA being in a compact structure, as opposed to being coated by a very large mass of protein. It is of interest to note that both the closed-circular form (I) and a nicked form of py DNA were found to be associated with protein and to have sedimentation rates of 50-55 S. The high rate of sedimentation is thus not dependent on the DNA being in the supercoiled form. 
